International Journal of Engineering and Technical Research (IJETR) 
ISSN: 2321-0869 (O) 2454-4698 (P), Volume-6, Issue-2, October 2016 

Production, characterization and impregnation of 
nanostructured lipid carriers of cupuagu butter ( T. 
grandiflorum ), alpha-bisabolol, tea tree oil (M. 
alternifolia) and citric acid in nonwoven fabric 

M Pohlmann, K Paese, SS Guterres 


Abstract — The present study aimed to add nanostructured 
lipid carriers (NLCs) of cupuagu butter, alpha-bisabolol, tea 
tree essential oil (M. alternifolia) and citric acid into nonwoven 
fabrics (NWFs). This procedure allows the benefits of this 
substrate to be extended, as it combines the characteristics of the 
fabric with the properties of active components present in the 
impregnated formulation. For impregnation, different 
procedures were carried out to determine the most appropriate 
methodology to address the materials under study. The analysis 
of the NLC characterization made it possible to verify whether 
the formulation produced was physically stable 15 days 
following its preparation. It was found that the substrate used 
for impregnation was made of polypropylene and manufactured 
by spunbond and pointbonding. The study suggests that the 
most effective method for impregnation of nanostructured lipid 
carriers in nonwoven fabric is spraying, without prior 
treatment. 

Index Terms — characterization, impregnation, 
nanostructured lipid carrier, nonwoven fabric 


I. INTRODUCTION 

The textile industry is increasingly interested in developing 
fabrics characterized by different properties. In recent years, 
researchers have investigated the use of functional textiles in 
personal health, hygiene and beauty products. Fabrics that 
contain elements of body care, fitness and health in their 
composition are classified as cosmetic textile. On contact with 
the skin, the fabrics release active substances that are slowly 
absorbed into the skin [1-8]. 

To achieve this effect, a viable alternative is the use of 
nanotechnology. This technique improves the properties of 
the textile, making it longer durable, (mainly of volatile 
substances, such as essential oils) and also enables controlled 
release of active ingredients. Several studies have been 
performed on the impregnation of micro- and nanoparticles in 
textile [9-16]. To increase the effectiveness of the 
incorporation of these substances, it is critical to know the 
substrate to be used. In fact, the property of the woven 
hydrophilic (such as cotton) and hydrophobic (such as 
polypropylene) threads can affect the absorption of 
substances [17]. 

Therefore, the present study aimed to incorporate 
nanostructured lipid carriers of cupuagu butter ( T . 
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grandiflorum ), alpha-bisabolol, tea tree oil (M alternifolia) 
and citric acid into nonwoven fabrics. This procedure allows 
the benefits of this substrate to be extended, as it combines the 
characteristics of the fabric with the properties of active 
components present in the nanostructured lipid carriers. 
Among these properties, there are the moisturizing power of 
cupuagu butter [18], the bactericide and fungicide action of 
alpha-bisabolol [19, 20] and tea tree oil [21-38], and the 
capacity to regulate the pH of the citric acid [39, 40]. 

II. Materials and Methods 

The lipid matrix of NLC aqueous dispersion is composed 
of cupuagu butter. The tea tree oil and alpha-bisabolol were 
the active substances used. Other components were added: 
citric acid, as pH adjuster; butylated hydroxy-toluene (BHT), 
as antioxidant; polysorbate 80 (Tween 80), as surfactant; 
imidazolidinyl urea, as preservative; and distilled water as 
vehicle. The concentration of each component was 
determined according to studies reported by other authors, as 
shown in Table I. 


Table I Concentration of components of the NLC. 


Phase 

Component 

Cone (%p/v) 

Author 


Cupuagu butter 

8 

Colome et al. [41] 


BHT 

0.05 

Bueno et al. [42] 

Lipidic 

Tea tree oil 

1.5 

UnivNorthwest A & 

F [43] 


a-bisabolol 

0.1 

Feedback Trayer SL 
[44] 


Polysorbate 

2 

Bueno et al. [42] 

Aqueous 

Imida. urea 

0.1 

Beraldo [45] 


H20 qs 

100 

- 

- 

Citric acid 

1 

Medicis Pharm Corp 
et al. [46] 


To obtain the aqueous dispersion of nanostructured lipid 
carriers, the high-pressure homogenization (HPH) technique 
was used [41, 42, 47]. First, the lipid phase was obtained by 
placing the cupuagu butter in a water bath at 40°C up to its 
complete melt. Secondly, while the temperature was kept 
constant, the BHT was added, which remained in a magnetic 
stirrer until it was completely dissolved in cupuagu butter. 
Finally, the tea tree oil and alpha-bisabolol were incorporated. 
The aqueous phase began with the dissolution of Tween 80 in 
distilled water at 40° C. The temperature was then increased 
up to 45-50° C, and imidazolidinyl urea was added. The 
solution was magnetically stirred until all components were 
evenly dispersed. Afterwards, the aqueous phase was added to 
the lipid phase and homogenization was carried out using a 
homogenizer IKA T-25 Ultra-Turrax (Ika, Germany); 
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centrifugation at 1 1 ,000 rpm for 1 min, followed by another 
cycle of 13,000 rpm for 1 min more. The emulsion was 
prepared by high pressure homogenization in a Panda 2K 
NS1001L homogenizer (Niro Soavi, Italy) with operating 
pressure value of 220 bar. The citric acid was then poured into 
the emulsion. 

The textile substrate used for impregnation of aqueous 
dispersions of NLC was the nonwoven fabric (NWF). These 
materials are widely applied in personal care and hygiene 
products due to their ability to absorb high amounts of 
moisture. NWFs are comfortable and classified as disposable 
or durable based on usage and can be fabricated faster. 
Although the NWFs are made up of fibers and filaments, these 
materials differ from textile fabrics, because their fibers are 
not knitted, woven or plaited [17, 48-50]. In accordance to 
NBR-13370:2002 [51], “the nonwoven is a flat, flexible and 
porous structure consisting of a mat or veil of fibers or 
filaments directionally or randomly oriented, consolidated by 
mechanical means (friction) and / or chemical (adhesion) and 
/ or thermal (cohesion) and combinations thereof’. 


A. Characterization of NLC aqueous dispersion 


The pH of the dispersion was determined by using a digital 
Digimed pH meter (model DM-22). The pH was measured at 
selected times (0, 7, 15, and 30 days). The samples were 
stored in a controlled room temperature environment (25 ± 2 
°C; 65 ± 5% relative humidity) and protected from light. 

The average diameter volume-based (D [4,3]) was used as 
a parameter for the particle size distribution. Particle diameter 
values corresponding to cumulative size distribution at 10%, 
50%, or 90% (do.i, d 0 .5 and d 0 . 9 , respectively) were also 
calculated. These values were used to determine the span, 
which is a common calculation to quantify distribution width, 
with definition shown in the equation 1 [52]: 


Span = 


D v o.9~ L>v0.1 


D v o.5 


( 1 ) 


The particle diameter and polydispersity index (PDI) were 
determined by means of dynamic light scattering (DLS). The 
following parameters were used: the refractive index of 1.47 
for butters in the 0.02 and 2000 pm spectral range. Both 
analyses were performed in a Zetasizer Nano ZS 3600 
equipment (Malvern Instruments, UK). The mixture 
dispersion was diluted 1,000 times (v/v) with distilled water 
and filtered through a 0.45 -pm membrane. 

The electrophoretic mobility measurements determined the 
zeta potential (Zetasizer® Nano ZS 3600, Malvern). The 
mixture was diluted 1 ,000 times (v/v) with filtered solution of 
NaCl (0.45-pm membrane). The results were calculated based 
on the mean of three determinations. 

The formulations were maintained within a MA835/F-172 
climatized chamber (Marconi Equipmentos para Laboratorios 
Ltda), and measured at selected times (0, 7, 15, and 30 days). 
According to the guidelines for Accelerated Stability Tests 
for Cosmetic Products [53], the formulations should be stored 
in a controlled room temperature environment (37 ± 2 °C; 65 
+ 5% relative humidity). However, the temperature parameter 
was changed to 25 ± 2° C, since the melting point of cupuagu 
butter is 33° C and high temperatures could alter the physical 
properties of the formulation. 


NLC dispersions were subjected to stability based on the 
particle diameter (measured by laser diffractometry), the 
average particle diameter (measured by DLS), as well as zeta 
potential and pH. 

B. Characterization of nonwoven fabrics 

The analysis of the chemical composition was performed 
using Fourier transform infrared-attenuated total reflectance 
(FTIR/ATR) spectroscopy (PerkinElmer® Spectrum 100). 

The analysis of the substrate morphology was performed 
with the images obtained using a scanning electron 
microscope (SEM) (Hitachi®) TM 3000). The magnified 
images (X50 and X250) allowed the analysis of the structure 
and manufacture aspects of the material under study. 

The rate of capillary absorption of water is among the tests 
prepared by the Brazilian Standards (Standard number: 
NBR- 13735: 2006) that proved to be adequate to evaluate this 
parameter in nonwoven fabric. This material is often used in 
products that are directly in contact with the skin, therefore, it 
is of fundamental importance that the liquid moisture 
(mucous, urine, blood or sweat) flows quickly through the 
nonwoven fabric, reducing the moisture built up in the 
microclimate. The NWFs samples were partially immersed in 
distilled water at selected times (10, 30 and 60 seconds) to 
measure the height attained by the water. 

C. Impregnation of NLC dispersions in nonwoven fabric 

The nonwoven fabric was previously subjected to 
impregnation treatment. The fabric was prepared according to 
the NBR standards (NBR-13735:2006). The fabric samples, 
measuring 30 x 100 mm, were divided into three groups 
identified for further evaluation. Group 1 was not submitted to 
any treatment; Group 2 was washed with distilled water in 
ultrasound device for 12 hours [12, 54, 55]; and Group 3 was 
washed with 95% alcohol solution in a magnetic stirrer for 12 
hours [56, 57]. All the samples were kept at room temperature 
for 24 hours and were subsequently subjected to the exactly 
same impregnation processes. Thus, it was possible to 
determine whether the pretreatment results showed significant 
differences with the addition of NLCs in nonwoven fabrics. 

The first technique used was impregnation bath [13, 14]. 
NWFs samples were immersed in 50 mL (enough to cover the 
samples) of aqueous dispersion of NLCs and maintained 
under magnetic stirring. For Assumption [13], the immersion 
time required was 0.25 hours, and for Rossi [14], it was 24 
hours. In the present study, both impregnation times 
mentioned above were assessed. The samples were dried at 
room temperature for 24 hours. 

The second technique used was compressed air spray [16]. 
The concentration of the original solution was used and 8 mL 
were sprayed on the samples with a pressure of 116 psi (= 8 
bar). The samples were dried at room temperature for 24 
hours. 


III. Results and Discussion 

A. Characterization of NLC aqueous dispersion 

The physico-chemical properties of the NLC aqueous 
dispersion are shown in Table II. 
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Table II Physico-chemical stability of the NLC aqueous dispersion 



0 day 

7 days 

15 days 

30 days 

D [4,3] 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 

span 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 

ZP 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 

0 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 

PDI 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 

pH 

195.5+27.22 

200+22.86 

193.5+27.07 

191.5+24.82 



•0 day 
■7 days 
•15 days 
•30 days 


Note: Data expressed as average and standard deviation of the three 
batches on days 0, 15 and 30. 

Abbreviations: D [4.3]: equivalent spherical diameter (nm); ZP: 
zeta potential (mV); 0: z-average (nm); PDI: polydispersity index. 


Fig. 2 Particle size distribution by dynamic light scattering of the 
NLC aqueous dispersion. The graph shows bimodal distribution 
(peak indicated by arrow) of micrometric populations on the 30th 
day. The formulation assessments were carried out on day 0, 7, 15 
and 30. Data expressed as average of the three batches. 


The data obtained by laser diffractometry showed that there 
was no significant variation over the period of analysis, which 
was considered a sign of good physical stability of the 
formulations. The volume mean diameter (D [4.3]) and the 
span displayed a monomodal distribution, without the 
presence of micrometric populations of particles as 
contaminants (Fig 1). 


B. Characterization of nonw oven fabric 

The analysis of chemical composition of the nonwoven 
fabric was performed via FTIR/ATR for polymer 
identification. The spectrum generated showed that the 
substrate was composed of polypropylene (Fig 3). The 
interpretation was based on the scheme prepared by Lopes; 
Fascio [58], which corroborate the one used as reference. 


Oday 
7 days 
15 days 
30 days 


Diameter (|jm) 

Fig. 1 Particle size distribution by laser diffractometry of the NLC 
aqueous dispersion. The formulation assessments were carried out 
on day 0, 7, 15 and 30. Data expressed as average of the three 
batches. 

The pH variations were negligible during the four analyses 
carried out. For the particle diameter (0), the dynamic light 
scattering gave a Z-average of 170 nm and a polydispersity 
index of 0.15, indicating a homogeneous particle size 
distribution. 

All formulations had zeta potential values that varied from 
-8.37 to -6.09 mV during the period time of analysis. In the 
Fig 2, the graph shows bimodal distribution of micrometric 
populations on the 30th day. Stability testing was conducted 
to determine the maximum time interval between the 
production and application of NLCs in fabrics. 




cm-1 



cm-1 

Fig. 3 Analysis of the chemical composition of the nonwoven fabric 


generated by FTIR/ATR. The spectrum generated (a) showed that 
the substrate was composed of polypropylene (PP). The 
interpretation was based on the scheme prepared by Lopes; Fascio 
[59], and corroborate the PP spectrum used as reference (b). 
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Plan view photomicrographs of the nonwoven fabric 
magnified 5 OX and 250X (Fig 4) showed that the analyzed 
material was manufactured by spunbonding and point 
bonding processes, as described by Gupta; Smith [59]. The 


bond spots are some of the features of both processes 




Fig. 4 Photomicrographs of the NWF used in the present study. The 
images were magnified 50X (a) and (b) 250. Bond spots (arrows) 
can be seen and are typical features of both manufacturing 
processes. 


The capillary flow rate was measured using six NWF 
samples. Results showed that this fabric did not absorb water. 


C. Impregnation ofNLC dispersion in nonwoven fabric 


The samples were divided into three groups: Group 1 did 
not receive prior treatment; Group 2 was sunk into ultrasound 
in water for 12 hours; and Group 3 remained immersed in 
water under magnetic stirring for 12 hours. After this 
procedure, the samples were dried for 24 hours at room 
temperature and the mass of each sample was measured in 
digital scale accurate to 0.0001 g. Following, the samples 
were submitted to three methods of impregnation: (i) 
immersion bath for 15 min; (ii) immersion bath for 24 hours; 
(iii) and spraying. Once dried, the sample mass was measured 
again. The mass measurements provided data to help select 
the appropriate treatment and impregnation technique (Fig 5). 



None Water + Alcohol + 
Ultras. M. Stirring 


Treatment 


Fig. 5 Acquired mass of nonwoven fabric samples after 
impregnation. Each bar corresponds to the mean mass of the three 
samples. 


In terms of pretreatment, the samples that were sonicated 
with water acquired less mass compared to the other two 
samples. For the impregnation method, a water bath for 15 
min resulted in less acquired mass when compared to the 
samples from the same group. The sample mass submitted to a 
water bath for 24h and previously sunk in ultrasound with 
water was greater than the mass of the samples of the same 
impregnation technique that were kept in alcohol and 
magnetic stirring. However, an absolute difference of 0.03 mg 
between the two treatment groups was considered negligible. 

Although the best result obtained was the previous 
treatment of alcohol plus magnetic stirring combined with a 
water bath for 24 hours, both methods can be highly costly if 
included in a large-scale production. Therefore, the most 
appropriate impregnation technique was determined through 
the evaluations of SEM photomicrographs and the 
measurement of penetration rates. 

The scanning electron microscopy (SEM) was used to 
verify the presence of NLC in fabrics. The sample 
photomicrographs were magnified 400X and revealed the 
presence of suspended fibers of nonwoven fabric (Fig 6). 


Immersion 15 min Immersion 24 h Spray 



Fig. 6 Photomicrographs of NWF samples after being submitted to 
different impregnation techniques ofNLC dispersions. 


Note that the formulations are presented in the form of film 
and fiber. The disintegration of lipid nanocarriers, which 
formed this film, could have been caused by SEM. The 
principle of SEM is based on the use of a small -diameter 
beam of electrons to explore the surface of the sample, point 
by point, along successive lines, and transmit the detector 
signal to a cathodic screen whose scan rate is perfectly 
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synchronized with that of the incident beam [60]. It uses a 
tungsten filament as the electron source, heated and 
accelerated by a voltage of 1-50 kV. When the electron beam 
focused on the lipid nanocarriers (consisted of cupuagu butter 
and melt when exposed to a temperature above 33° C) 
disintegration of particles may have occurred forming a film 
over the fibers. 

In addition, the amount of formulation was lower in the 
samples impregnated in a water bath (15 min), when 
compared to other impregnation methods. This data has 
already been found when the mass acquired after the 
impregnation rate was measured. In turn, the sprayed samples 
showed greater amount of NLCs adhered to the fibers, even in 
those with no previous treatment. In tests that measure the 
penetration rate of the pure nonwoven fabric samples, there 
was no water absorption. In samples impregnated with NLCs, 
there was an improvement of the fabric ability to absorb water. 
The cupuagu butter possesses both hydrophilic (water-loving, 
polar) and lipophilic (fat-loving) properties Therefore, the 
water absorption after immersion could be explained by the 
amphiphilic character of the cupuagu butter. 

Although the visual analysis made through the 
photomicrographs revealed a greater amount of impregnated 
material, no significant improvement was observed in water 
absorption between the samples with no treatment and those 
who were treated before impregnation. This aspect was 
confirmed by comparing the mass weight before and after 
impregnation (Fig 7). Regarding the feasibility of processing 
coatings for large scale production, the inclusion of a 
pre-treatment process is highly costly and may even become 
unfeasible. 

There were no significant differences between the rates of 
capillary flow of the fabrics that were impregnated using 
different methods. When the higher (mean 0.83 mm, obtained 
with 15 min of immersion) and the lower scores (average of 
0.5 mm, obtained by spray) were compared, an absolute 
difference of 0.3 mm was observed. In relative terms, this 
could be considered a negligible value, probably due to 
measurement errors. In addition, the NWF samples immersed 
in dispersion for 24 hours were wrinkled after being stirred for 
a long time. This result can be considered unsatisfactory, 
since a pleasant visual appearance is a decisive factor for the 
acceptance of hygiene products by consumers. In terms of 
costs, it is worth mentioning that it was necessary to use 50 
mL of solution to keep the samples fully immersed. In contrast, 
only 8 mL were enough to impregnate the NWF samples 
using spray. 


IV. Conclusions 

The present study aimed to analyze the feasibility of adding 
nanostructured lipid carriers (NLCs) of cupuagu butter 
( Theobroma grandiflorum ), alpha-bisabolol, tea tree oil (M. 
alternifolia) and citric acid into nonwoven fabrics (NWFs). 
The analysis of the NLC and NWF characterizations allowed 
a better understanding of the physical and chemical properties 
of materials. 

During the evaluation period of the NLCs, the diameter of the 
particles and the polydispersity index obtained showed 
homogeneous distribution of particle size. Data obtained by 
laser diffractometry revealed no significant changes over the 


© i 



Nonwoven Without Water + Alcohol + 
Pure Treatment Ultras, mag. stirring 

Treatment 


■ 10s 

■ 30 s 

■ 60s 


© 1 


| 0.8 



Nonwoven Without Water + Alcohol + 
Pure Treatment Ultras, mag. stirring 

Treatment 


© i 


| 0.8 



Nonwoven Without Water + Alcohol + 
Pure Treatment Ultras, mag. stirring 


Treatment 

Fig. 7 Measurement (in mm) of the penetration rate of NWF 
samples before and after being impregnated with nanostructured 
lipid carriers. Graph (a) corresponds to the impregnation made in a 
water bath for 15 min; Graph (b), impregnation in a water bath for 
24 hours; and Graph (c), impregnation by spray. In the horizontal 
axis of the graph, the space of pure NWF refers to the rates of 
capillary flow of the fabric before impregnation (0 mm). Each bar 
corresponds to the average mass of the three samples. 


period of analysis, which can be considered a good sign of 
system stability. However, when the particles were analyzed 
by means of light scattering, it was found that the absolute 
value of the zeta potential remained low. This result suggests 
that the formulation particles may aggregate fast. In fact, a 
micrometric population was observed on the 30th day. 
Therefore, this formulation is considered physically stable up 
to 15 days after its preparation. The pH value did not vary 
significantly (pH 2. 4). The spectrum generated by the analysis 
of NWF by FTIR/ATR showed that the material was 
composed of polypropylene. The SEM photomicrographs 
revealed that the NWF were manufactured by spunbond and 
pointbonding. While determining the rate of capillarity flow 
in pure, nonwoven fabric, it was observed that there was no 
water absorption.During the evaluation period of the NLCs, 
the diameter of the particles and the polydispersity index 
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obtained showed homogeneous distribution of particle size. 
Data obtained by laser diffractometry revealed no significant 
changes over the period of analysis, which can be considered 
a good sign of system stability. However, when the particles 
were analyzed by means of light scattering, it was found that 
the absolute value of the zeta potential remained low. This 
result suggests that the formulation particles may aggregate. 
In fact, a micrometric population was observed on the 30th 
day. Therefore, this formulation is considered physically 
stable up to 15 days after its preparation. The pH value did not 
vary significantly (pH 2. 4). The spectrum generated by the 
analysis of NWF by FTIR/ATR showed that the material was 
composed of polypropylene. The SEM photomicrographs 
revealed that the NWF were manufactured by spunbond and 
pointbonding. While determining the rate of capillarity flow 
in pure, nonwoven fabric, it was observed that there was no 
water absorption. 

According to the measurement of the mass acquired after 
impregnation, the best result was the previous treatment of 
alcohol + magnetic stirring combined with impregnation by 
bath for 24 hours. The analysis of SEM photomicrographs 
showed that the best results were obtained by spray 
impregnation, regardless of whether the samples were treated 
previously or not. 

When the capillarity flow rates in pure NWF (0 mm) were 
compared to those of impregnated nonwoven fabric (up to 
0.83 mm), it was observed that the presence of NLCs 
indicated the water absorption ability of nonwoven fabrics. 
Additionally, there was no significant difference in water 
absorption between the samples submitted to the different 
processes tested. Thus, this easy spray-on application method, 
with no previous treatment, is a good way to start potential 
applications of the impregnation process of nanostructured 
lipid carriers in nonwoven fabrics, as described by the present 
study. 
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